Objective: The purpose of this study is to investigate determinants of primary care physician cardiology referrals by performing qualitative analysis of questions asked by primary care physicians in cardiology electronic consultation services (eConsults).
Background
The Champlain BASE (building access to specialist through eConsultation) electronic consultation service (eConsult) was launched in 2010 in order to improve access to specialist advice for primary care providers (PCPs). The eConsult service is an asynchronous, secure web-based communication platform where PCPs submit patient-specific clinical questions to specialists. Several groups have demonstrated that eConsults are safe, cost-effective and improve timeliness of access to specialist advice. [1] [2] [3] Overall, PCPs report high levels of satisfaction with eConsults. 2 Classification of PCP eConsult questions reveals that most eConsult questions relate to general management, appropriate diagnostic work-up and interpretation of abnormal test results. 1, [4] [5] [6] While preliminary research suggests that gaps in PCP knowledge may lead to eConsult questions, additional factors may influence PCP decisions to initiate an eConsult.
As the gatekeepers of the healthcare system, much interest has focused on referral behaviours of PCPs. Variation in PCP referral behaviour has implications for downstream resource utilisation and healthcare expenditure. 7 Analysis of diagnosis frequency and specialist referral rates in a large PCP clinical database reveals that PCP decisions for specialist consultations relate to patient, physician and healthcare system factors. 8 Specialist referrals are more likely for patients with a disease that is not common in PCP practice, and for patients with comorbidities. 9 Given the increasing prevalence of chronic disease in clinical practice, these findings suggest that PCPs may increasingly request specialist consultations, and this has implications for healthcare resource utilisation. 10 Our eConsult system logs all PCP questions and all specialist responses, resulting in the accumulation of a large database of qualitative data. The purpose of this study is to use qualitative analysis of cardiology eConsult questions to investigate the determinants of cardiology eConsults by PCPs in our health region.
Methods
This is a retrospective, qualitative analysis of 114 cardiology eConsults completed between July 2014 and January 2015. This study has been approved by the Ottawa Hospital Research Ethics Board. The majority of cases are from the Champlain Local Health Integrated Network (LHIN) a large health region in eastern Ontario, Canada. Participants include PCPs who are registered users of the eConsult service and who initiated at least one electronic consultation between July 2014 and January 2015. The unit of analysis is the PCP's reason for consultation. In 14 entries, the PCP did not ask a specific clinical question as a reason for consultation and only stated: 'please see attached' with attachments of abnormal investigations. Although it can be deduced that the PCP's intention for the eConsult was to obtain a second opinion on the interpretation of these investigations, such eConsults without a specific clinical inquiry were excluded from our analysis.
PCP eConsult questions were analysed using inductive and deductive content analysis. 11 In order to ensure representativeness, we sampled our data by analysing consecutive cases starting from the most recent eConsult in January 2015 and by working backwards. The qualitative analysis process is illustrated in the flow diagram in Figure 1 .
Initial inductive analysis was performed by two investigators (EC, CBJ), who performed open coding of eConsults. Similar cases were grouped into emergent themes and a coding frame for categorisation was developed. Constant re-evaluation, testing and refinement occurred throughout data collection. When no new themes emerged, a final set of themes was defined. This thematic saturation occurred after analysis of 30 eConsults. External validation was performed by having content experts (NG, MT, AS) review the identified themes to confirm results of our inductive analysis. After confirmation of themes identified by inductive analysis, deductive analysis of an additional 70 eConsults was performed by a single investigator (EC) for a total sample of 100 eConsults. During deductive analysis of the data, no additional themes were identified. 
Results
Between July 2014 and January 2015, there was a total of 114 cardiology eConsult entries that were initiated in the Champlain BASE electronic service. Fourteen eConsults were excluded due to missing information about the reason for consultation. There was a total of 100 eConsults initiated by 61 different PCPs, of whom 92% were family physicians and 75% were women (Table 1) . Women made up 47% of the patient population and the average age of patients was 59.2 years ( Table 2 ). The flow of cardiology e-consultations through qualitative analysis is depicted in Figure 2 .
Our qualitative analysis identified six major themes: (a) exceptions to clinical guidelines (13 cases); (b) noncardiac treatment in a cardiac patient (13 In other instances, PCPs asked about the applicability of certain treatment guidelines when this is not clearly defined. They questioned the need for treatment when the condition seems to be triggered by a reversible cause, or when the condition seems transient. Such aspects are not defined in current guidelines.
His CHADS2 score is 3, CHADSVASc score is 5, and HASBLED score is 3. There is no prior history of atrial fibrillation and a logical etiology of the recent atrial fibrillation is pneumonia. The question is whether to keep this patient on Apixaban given the bleeding risk?
Longest run of atrial fibrillation on the loop monitor was 16 seconds. The CHADSVASc score is 2 ¼ 2.2% stroke rate per year. My question for you is if you see atrial fibrillation in such brief runs as this, do you consider the annual stroke risk to be even lower? Would you prescribe ASA in this situation?
Certain PCPs asked how to interpret risk stratification scores appropriately, in the presence of additional comorbidities that are unaccounted for by the original risk assessment tool. Theme 2: Non-cardiac treatment in a cardiac patient PCP eConsult questions related to the safety of starting a non-cardiovascular drug in the setting of known cardiac disease in 13 cases of the entries studied. PCPs tended to seek advice from a specialist when they want to initiate treatment for a non-cardiac condition, but were hesitant, for fear of exacerbating a concomitant cardiac condition, such as a heart block or a known arrhythmia. A common example of this type of eConsult question is the safety of starting or up-titrating psychiatric medications in a patient with known arrhythmias.
My question is, since the psychiatric symptoms are complex and somewhat difficult to control, how significant is this prolonged QT? The two medications most likely to be responsible for his prolonged QT are mirtazapine and clomipramine. I am hesitant to decrease these given recent psychiatric symptoms but will do so if you think this QT puts the patient at risk.
. . .We would like to start the patient on a selective serotonin reuptake inhibitor. Would appreciate your guidance as to whether or not there are any concerns in doing this in the context of heart block?
The patient is currently not treated for attention deficit hyperactivity disorder, however they are quite symptomatic and I feel that appropriate treatment would dramatically improve mood, anxiety, and function.
There is a history of Wolff-Parkinson-White syndrome. I am just wondering if it is safe to use a stimulant in this situation or would it be contraindicated? 
Multimorbidity
Similar to previous research, clinical management questions are important themes in cardiology eConsults. [4] [5] [6] Many PCPs ask if treatment guidelines apply in clinical contexts where patients have other medical diagnoses, such as atrial fibrillation during pneumonia. Patients with multiple comorbidities often present a particular challenge to PCPs because several guidelines can outline contradictory recommendations, or concomitant treatment of two conditions can predispose the patient to adverse events or side effects. PCPs ask for guidance when applying treatment guidelines for more than one cardiac diagnosis, such as the appropriateness of combining anticoagulant and antiplatelet therapy in patients with atrial fibrillation and coronary disease. Finally, PCPs are concerned about how a cardiac diagnosis may influence the safety of non-cardiac treatment, such as stimulant drugs for attention deficit hyperactivity disorder in patients with cardiac disease. Multimorbidity is a common subtheme and is an important driver of PCP cardiology eConsults. These results reflect the real world nature of clinical problems faced by PCPs in our region. In Canada, seniors with three or more chronic conditions use 40% of healthcare resources, and 63% of seniors take five or more different types of medications. 12 Treatment guidelines are based on randomised trials in which multimorbidity patients are often underrepresented. [13] [14] [15] Investigators have called for guideline writers to consider how multimorbidity influences the ability of PCPs to implement treatment recommendations. 13, 14 Our results highlight the importance of efforts to consolidate guidelines across multiple specialities into comprehensive treatment approaches, as has been undertaken by Canada's CChange initiative, as our results suggest that PCPs are struggling to implement guidelines in their multimorbidity patients. 16 
Mild cardiac test abnormality
As with previous research evaluating eConsults, we identified diagnostic test results as an important theme. 4, 5 In particular, PCPs often ask for specialist advice when a patient's clinical issue does not match the results of mildly abnormal cardiac investigations. Common examples include brief runs of atrial tachycardia on a Holter monitor in the absence of clinical symptoms; mild left atrial enlargement on echocardiography in a patient with syncope; and left anterior fascicular block in a patient with shortness of breath. PCPs seek reassurance that the test abnormality does not explain the clinical problem, and they ask for advice about what action should be taken in response to mildly abnormal cardiac test results. Previous research has shown that mildly abnormal tests are common and may not represent a pathological disease process. 17, 18 This is important in older patients, in whiom age-related changes may result in mildly abnormal cardiac testing.19 Mild test abnormalities with no clinical or prognostic significance lead to PCP cardiology eConsults. Further research is needed to determine how cardiac test reporting influences PCP decision-making.
Strengths and limitations
Our results are in keeping with previous studies, which examined doctors' reasons for referral and their perceptions of the factors that influence their clinical decisions. The work of Bowling et al. revealed that PCPs were more likely to refer patients to cardiologists due to 'uncertainty of diagnosis and treatment' as well as due to the difficult management of certain symptoms. 20 Although the study employed semistructured interview methods in order to explore physicians' perceptions of factors that influence their clinical decisions, the authors did not further elucidate the factors that prompt the physicians' reported reasons for referral in the first place. Indeed, the unique and complex nature of each clinical scenario encountered in a PCP's office and the factors that cause a physician to be uncertain of a situation and decide to seek specialist advice has not previously been well studied. Furthermore, in the study of Bowling et al., data were collected from self-reporting through interviews with physicians. This introduces social desirability bias that is not encountered in our current study in which there was objective analysis of the reasons of referral from PCPs.
Previous works examining the eConsults database have found similar recurrent themes in PCP enquiries to specialists. 1, 4, 6 However, to our knowledge, this is the first qualitative analysis looking at eConsults data in order to define the motive behind the questions and to determine the factors that influence the PCP's decision to seek cardiology advice. While we chose to analyse a convenience sample of only 100 eConsults, we chose the most recent 100 eConsults rather than the initial 100 e-consultations when the eConsult service was first established. In the initial months that this electronic service was first introduced, PCPs and specialists alike may not have been familiar or as well versed with the functions of the database, which may in turn have affected the thoroughness of the PCPs' electronic consultations. By sampling the most recent 100 eConsults, we were able to ensure that the collection of data is most representative of contemporary PCP practice. Our use of qualitative data gathered by an eConsult platform to gain insight into referral behaviour of PCPs is a novel use of an emerging healthcare technology, and we believe there is the potential to use these data to answer other clinical questions related to PCP specialist referrals.
Due to the retrospective nature of this study, respondent validation was not applicable. However, in order to ensure external validity, our inductive analysis results were verified by a panel of content experts which included two cardiologists: NG and MT, as well as one internal medicine resident who has experience in eConsults research: AS.
The eConsults included in our analysis were limited to the Champlain LHIN, thus making the generalisability of our results difficult. We have, however, found that results from our analysis are in agreement with previous research studying eConsults in different health networks, 5 as well as eConsults of different specialties. 1, 6 Furthermore, the intention of this study was to shed light on clinical factors that may influence PCP's decision to refer to cardiologists and to provide insight on how these can be addressed in future research. Some Canadian cardiology guidelines have been updated since 2014-2015 when PCPs generated the eConsults that we used as a convenience sample. However, revised guidelines do not address multimorbidity and as such we believe that our findings remain relevant.
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